How do undergraduate and graduate students learn? How can we use what we know about the learning process to teach more effectively? While the research has yet to connect fundamental processes in the brain to what we do as teachers with certainty, the past half-century of work on adult learning has produced several useful theories that can inform instructional choices. This article provides an overview of three learning models that yield insights into teaching practice-novice/expert behaviors, cognitive development, and learning styles-along with ways in which instructors can draw on these models in course planning and classroom teaching. Application of the theories toward refinement, reduction, and replacement of live animals in the veterinary medical curriculum is also discussed.
INTRODUCTION
Working at a center for teaching and learning, I frequently hear faculty members and other university instructors ask, ''What is the best way to teach my course?'' It's a reasonable question. In most of our scientific and scholarly pursuits, we answer questions based on prevailing theories and current experimental evidence. But when our question is how to address the needs of adult learners, science comes up short. Though neurobiologists, psychologists, and specialists in education continually make advances that enrich educational practice, it is still difficult to assemble an unbroken chain of logic or evidence from the science of the brain to best teaching practices. [1] [2] [3] The kind of controlled experiments that are possible in physics and medicine simply can't be done well with human students in realistic academic settings; likewise, we can't construct an adequate model or simulated ''student'' to help us test teaching techniques in a controlled way.
We might give up there and simply revert to the convenient lists of tips and tricks that are so often handed down on the topic of teaching. I think we can do better. While we may not be able to link up our teaching practices precisely to the functioning of our students' neurons, we can use a combination of models of adult learning, each with particular strengths and limitations, to understand our students' behaviors and needs more deeply, and we can design our teaching strategies based on this understanding. We can proceed even in the absence of any Grand Unified Theory of Teaching.
In this article, we will begin to build the kind of framework for instructional choices that is based on educational theory while simultaneously recognizing its limitations. The three areas of adult learning theory that we will discuss-differences between novices and experts, models of cognitive development, and styles of learning-have a broad base of background literature spanning the past half-century; they complement one another, and they actually help in the classroom. I find over and over again that these ideas provide insight into some of the most common challenges that instructors face in their efforts to promote deep and long-term learning in their students. Because these three bodies of research present different perspectives on, or models of, the same thing-student learning-we can use them as complementary tools with which to reason about our students' experience and solve teaching problems.
In the context of a topic of particular concern to veterinary educators-refinement, reduction, and replacement of animals in veterinary medical teaching-the framework presented here provides both an opportunity and a method for faculty to transcend their own learning histories and find new solutions to this concrete educational challenge.
DIFFERENCES BETWEEN NOVICES AND EXPERTS
As experts in our fields, we may have the impression that we have attained that status simply by knowing a lot. Indeed, the transformation from novice to expert tends to unfold so slowly and gradually that we are generally unaware of the profound differences between how we used to learn and how we learn now in our field of expertise. We conveniently experience a sort of expert amnesia about how difficult and impenetrable things used to be.
For those of us who regularly drive a car, it takes some diligent remembering to connect the effortless, automated actions we now perform in the background of our awareness (the precise clutch/gas-pedal action needed to shift gears; the exact calibration of degree of turn on the road to degree of turn on the steering wheel) with our first attempts behind the wheel. More importantly, we rarely pause to consider how much easier it now is to use our ability to drive for novel purposes-to follow our passenger's directions to a new destination, hear details from a news broadcast, or sing along with pop tunes on the radio-while successfully managing basic driving operations. And learning to drive is far simpler than mastering the physical skills, information content, and problem-solving capacities needed in the medical professions.
It turns out that novices and experts, like new and experienced drivers, actually learn differently. This is the big surprise from the research on novice and expert behaviors that teachers need to understand: fundamentally, knowing more changes the way we know.
Research on novice/expert behaviors has been going on in a wide variety of contexts (e.g., playing chess, solving math and physics problems, interpreting x-rays, writing, and teaching) since the 1960s. Here, rather than reviewing literature that is discussed very well elsewhere, 4 I will highlight the common findings to emerge from this body of research and connect them to teaching practice-our main goal in this discussion.
To do that, let us begin by looking briefly at a common set of skills and knowledge that veterinary students need to acquire: clinical procedures. Learning and organizing clinical procedures one at a time, as discrete operations, is a bit like the layout of a physics textbook (a key field in which novice/expert differences have been investigated in depth) 4 -projectile motion in chapter 2, circular motion in chapter 3, springs in chapter 5, and so on. No doubt one will encounter professional circumstances in which it is convenient to have information ''chunked'' in this way-one will have to do a particular operation on a particular animal, much as a physicist may have to solve a problem about a mass attached to a spring. It seems like a reasonable way for teachers to present the material, and for students to begin organizing it.
But research on experts in many fields indicates that their extensive prior knowledge and accumulated practice in real contexts leads them toward a deeper way of organizing their knowledge. To return to our physics example, unlike the textbook, and the novice students who use it, expert physicists tend to think of the problems they encounter not as being about the projectiles and circles and springs (the obvious things involved) but, rather, as being about the deeper underlying laws (far more abstract)-to an expert, different problems about projectiles, circles, and springs may all really be about conservation of energy, and therefore will all be solved in much the same way. Experts work with concepts more than with appearances.
Along the same lines, expert veterinarians may see beyond discrete procedures and instead think about the common psychomotor skills (e.g., force regulation, tactile pattern recognition, instrument handling) involved in many different procedures. 5 The deeper organization of both physicists and veterinarians makes it much easier to learn new information-one's real weaknesses and areas for improvement are apparent, and one's learning can more readily be applied to superficially novel situations involving familiar deep concepts, such as developing a new clinical procedure, adapting to unexpected complications during an operation, or, for the physicist, solving a research problem involving conservation of energy in a complex system. Indeed, the existing research indicates that experts have an easier time retrieving and using their knowledge. They tend to consider fewer solutions or approaches before settling on one and to carry out their work more effectively. 4 We usually call this ''intuition.'' This fundamental difference between novices and experts probably seems reasonable, but for a teacher, the difficult and crucial thing is to overcome one's expert amnesia. ''Intuition'' frequently leads instructors teaching in their fields of expertise not only to skip but to forget entirely the crucial steps of organizing knowledge, retrieving the needed concepts and skills, and executing solutions and procedures that novice students accomplish only with great concentration. It is not an easy thing for experts to wake up to the fact that novice learners have not internalized the same deep ways of knowing.
Once we do, we are in a good position to capitalize on novice behaviors. We can stop trying to get rid of them, or being annoyed by them, and begin seeing them as important indicators of the diligent efforts of novices who are in the process of learning. Strategies for teaching that acknowledge and integrate novice/expert differences are discussed below and summarized in Table 1 .
First, as teachers, we can be aware that novice learners will come in with a set of ideas and expectations about the subject matter that are sometimes (often) wrong-their misconceptions. 2, 6 Novices know a lot less than experts, but, as adult students, they are far from the blank slates we may wish for. Rather than ignoring the existing scaffolding of students' knowledge, we can use it to help them learn new material: in other words, correct its structural and other flaws by finding out what and how students are thinking, so that explanations can reveal the inadequacy of their current views. While we are helping students build a deeper organization structure for what they are learning, reminding them of what they already know and how it fits into the new concepts being taught (touching on informal prior knowledge and concrete examples from students' backgrounds) can help them integrate new information.
Since novices are unlikely to put discrete bits of information and skill sets together as coherently as experts do, we can also help them ''bootstrap'' their way to more sensible schemes. Teachers often overlook the basic step of sharing their own ''deep structure'' with students, sometimes because they have had no reason to articulate it or map it out for themselves (it is, after all, just part of their ''intuition'') and sometimes because of a belief that students should be able to figure it out for themselves. But why should one's expert conceptual scheme be hidden from students? In fact, creating and referring often to an outline or concept map driven by an expert organizational scheme, throughout a course or curriculum (not just once at the beginning), can help students avoid clinging to the superficial characteristics that may be a root cause of their less efficient learning. 6 We can also show students that their obvious way of organizing things is not quite right by drawing analogies between examples, cases, and problems with common deep concepts or skills but different superficial features. Also known as ''analogical encoding,'' this approach helps students focus on what the expert already knows to be most important but the novice might otherwise overlook. 7 By presenting at least two examples together and guiding students through the process of identifying the deep concepts/skills involved, we are teaching them to become experts.
Of course, one can also simply ask questions that require deeper organization from students. 6 If we always ask questions about chapter 3 in a clump, separate from chapter 4, and so on, there is little motivation for students to work on a more expert way of learning the material. One solution is to integrate throughout the course (not only on the final exam) concepts and skills that students first encounter separately. It is also possible to change the context (the superficial appearance) of problems or questions that use the same underlying concepts and skills. ''How'' and ''why'' questions can also encourage deep-structure thinking.
The above strategies address what students are learning (the content), but recall that novices typically have not internalized how to solve the problems (the process) either. In my experience, this is one of the most crucial places where experts may forget to communicate the vital information that novices need, precisely because they are experts and have made the process automatic. It is possible to make the process explicit, and to guide students through it explicitly (far more times than seem necessary to most teachers), so that they begin to internalize it. This may require some careful thought by teachers: How is it that I make a diagnosis? What information do I gather first? What additional questions or information do I need next? Do I form a working hypothesis to test? What if I have more than one plausible diagnosis in mind? Since we know that novices are grappling with both the process and the content, giving them a leg up by naming the steps, perhaps using memory aids (mnemonics, visuals) to help them remember and apply it, can help. Finally, novices need to practice the process and receive feedback from their instructors. 6 Novice/expert differences become crucial when we consider the use of animals in veterinary medical education. Ideally, one would want students well on the path of internalizing the content and processes needed for diagnosis, treatment, and any procedures to be practiced with animals, so that they can focus on adapting to the novel aspects of the realistic context or on practicing the psychomotor skills involved. Teaching in ways that help students toward expertise makes it possible to implement refinement, reduction, and replacement. If the goal is for students to get the most learning from fewer encounters with live animals, it is important for them to spend less time using the inefficient, superficial ways they might organize their learning and approach problem-solving if left to sort it out for themselves. Rather than being a sign that today's students are ''soft'' or less capable than the generation of their expert teachers, teaching in this way creates the possibility of an efficient curriculum that teaches more with fewer animals.
A final note about novice/expert differences: Developing an approach to teaching that acknowledges the novice state as natural, possibly even necessary, may allow faculty Use concrete examples from students' own backgrounds.
Lack of awareness of their misconceptions
Ability to correct their misconceptions Uncover and address misconceptions directly by getting feedback from students on their thought process.
Knowledge tends to be organized according to surface features.
Knowledge is organized according to deeper concepts.
Draw analogies between examples, cases, and problems with common deep concepts but different superficial features.
New material is more difficult to assimilate with superficial organizational structure.
New material is easier to connect to prior knowledge, thanks to deeper organizational structure.
. Use outlines or concept maps that illustrate important structural divisions.
. Ask questions that require deep organization (''how'' and ''why'' questions).
Knowledge is considered a bunch of facts-it lacks context.
Context is considered crucial to knowledge-how it works in real situations.
Change the context of knowledge in class and in assignments in order to encourage students to use what they are learning in novel situations (e.g., tasks from different skill areas combined in new ways; familiar skills applied to new cases).
Lack of internalized problem-solving process; steps may seem arbitrary or rote.
Automatic problem-solving process makes it easy to skip steps and often involves big-picture thinking.
. Make the process explicit; include and highlight all the steps.
. Use memory aids to help learners remember important processes.
. Provide opportunities for practice, with feedback.
members a more realistic view of their own developing expertise in fields that are newer to them, including education. Expert researchers and clinicians are not automatically expert teachers; teaching requires the same development of skills and knowledge over time as anything else. Indeed, no one is a permanent expert; improving our skills and knowledge constantly calls us to become novices throughout our careers. We can, however, become self-aware novices, and we can teach our students to do the same. We can expect to ask the experts how they are organizing their knowledge, and to follow their examples; we can search out the problem-solving or other step-wise processes that the experts use and adopt them ourselves (even if we have to press the experts to name all the steps they take, and even if the process seems rote or arbitrary at first); we can expect our own early efforts to take longer and be more difficult, and not become discouraged by that difficulty. With all these tools, it is possible to become ''an expert at being a novice,'' 8 whether in new areas of medical science or in teaching.
MODELS OF COGNITIVE DEVELOPMENT
As we explore models of cognitive development, which trace changes in how people think about and understand their own learning, my hope is that the congruence with our discussion of novice/expert behaviors will emerge clearly-as it should, since both ''theories'' offer perspectives on the same phenomenon, student learning. As with any model, we must keep in mind the limitations of viewing learning through a ''developmental'' lens, which tends to reduce complex change to an apparently linear process. This flattening of the learning process comes about because models of cognitive development are based on observations, via questionnaires, interviews, and other data, of the experiences of students over time. The developmental stages that emerge are descriptions of common traits and behaviors observed in many individuals; they are more like an average than like any particular person's complex learning history. If we remember that a student's cognitive processes are neither constant in different situations nor confined to linear, stage-wise development, we will see that models of cognitive development have a place in making sound instructional decisions. These models can help instructors understand how to provide a next step for students who need equal amounts of challenge and safety-something that research on novice/expert differences, investigated mainly by comparing populations of beginners and specialists working on the same tasks, could not tell us, because of its own inherent limitations.
Research on cognitive development emerged in the 1960s with William Perry's scheme of nine ''forms'' (stages) based on male undergraduate students at Harvard College. 9 Since then, similar studies have expanded their coverage to include women, minorities, non-traditional and adult students, and a wide variety of types of institutions, resulting in schemes with five ''perspectives'' 10 and four 11 or seven 12 stages, depending on the study. Once again, our purposes here are best served not by reviewing the interesting variations between developmental schemes, which are summarized in detail elsewhere, 13 but, rather, by painting a more general picture of their commonalities, This case isn't like the ones we've seen in class, but if I stick to the process we learned and do the procedure, maybe it'll work out.
The best diagnosis and treatment depend on a lot of factors; I'll evaluate the possibilities based on knowledge, uncertainties, and context to find a reasonable course of action.
I find that experts often recognize the fourth statement as true for themselves (on a good day, at least), although they would never actually say those words because their understanding is thoroughly automated. Many experts also report that the first statement sounds like something they would think or say when learning something very new, as a first step. As we relate these four statements to the simplified developmental stages they represent below, we should keep our initial reactions in mind in order to realize that cognitive development is ongoing and that intellectual change may not proceed smoothly in one direction. Now let us look at descriptions of how students understand their knowledge and learning in commonly documented stages of adult cognitive development. These four rough groupings draw key terms (italicized) from the studies mentioned above, 9-13 rather than presenting any of their schemes exactly.
Dualistic knowing. Knowledge is received from experts.
Information is absolute-either right or wrong. There is low tolerance for ambiguity and uncertainty.
Multiplistic knowing. Knowledge is subjective.
Information is difficult to evaluate as more or less correct-all points of view seem equally valid. This stage is a form of transitional knowing.
3. Procedural knowing. Knowledge is more relative and contextual. Information is discoverable but uncertain. Learning is more independent. Students may tend toward one of two different approaches as they learn processes for evaluating and analyzing data: a Connected/believing: using empathy to adopt and test new ideas (e.g., adopting a colleague's hypothesis and going with it to investigate how one could confirm it).
b Separate/doubting: using debate to challenge and test new ideas (e.g., playing ''devil's advocate'' to a colleague's hypothesis to uncover its weaknesses).
Reflective knowing. Knowledge is constructed.
Complete evaluation requires personal commitment, in which one acknowledges uncertainty while making informed choices between possible solutions or courses of action.
Thinking about cognitive development often leads educators to some fundamental and puzzling questions: Is it my job to get students to the most ''advanced'' cognitive stage? To what extent can a teacher set the pace for a student's cognitive development? We have no definitive answers to these questions, partly because of these models' inherent limitations. Even so, a reasonable approach for instructors is to aid students' ''development'' as best we can while realizing that there are instances when the desired change may not happen during a particular unit, semester, or program.
As we did with novice/expert differences, we are now ready to move beyond feeling annoyed with the dualists, multiplists, and even proceduralists in our classrooms and work on how we can productively use cognitive development while teaching (as summarized in Table 2 ). A useful concept here is ''cognitive dissonance,'' 13 the point when students realize the limitations of their current ways of learning and knowing in a particular context. Dissonance feels like a roadblock or detour; sometimes students see it as an avalanche that has wiped out the entire road. Without the right kind of support, students can think that dissonance means failure. In all cases, dissonance creates teachable moments when something has to change for the student in order to proceed with learning. We rarely experience the ''aha!'' of learning without some dissonance.
But dissonance alone does not tend to promote deep and permanent learning. For example, Ryan et al. found that a surface learning approach and fear of failure are related among pre-clinical veterinary students.
14 ''Surface learning,'' as the name suggests, and in contrast to ''deep'' and ''strategic'' learning approaches, describes behaviors that you would recognize among our descriptions of novices and dualists, pointing out once again that there are many ways to describe the same learning behaviors. Where there is fear of failure, the risk is not safe-there is no apparent way around the roadblock, no way out from under the avalanche.
The only escape route is backwards, toward simpler and more basic ways of construing knowledge. As teachers, we can set the stage for moments of dissonance and provide some safety by showing students procedures they can employ to ease the transition from one stage to another. We can put up the roadblock, show them the map, and explain how to use it.
As teachers, we create dissonance when we challenge the limitations of students' understanding by designing questions, problems, and exams that go beyond right/wrong answers, as well as when we ask students to support their answers with analysis and to confront the uncertainty in their results. 6 In academic and medical practice, these qualities are commonplace, but this ''expert'' way of questioning the data is also a teaching tool that encourages more cognitively complex learning. Using a comprehensive list of objectives, such as the well-known Bloom's Taxonomy of Educational Objectives, 15 as a cheat-sheet while building syllabi and concept maps can help instructors remember to include goals that move toward later stages of cognitive development: not only memory, comprehension, and application but also analysis, synthesis, and evaluation. a Compared to dissonance, the need to create safety may seem less familiar, and this idea may generate concerns for teachers about being too easy on students. However, like our understanding of novices, acknowledging the utility of all these phases of cognitive development is a crucial step. Dualism is not necessarily wrong, but it has its limitations: the ability to write an executive summary, to state the ''bottom line'' answer, is a useful skill to have in some circumstances. Instructors can recognize this kind of limited utility and also model the next step in complexity by showing students how to come up with more than one answer or method (even requiring them to do so, when appropriate), and by offering specific procedures for analyzing and evaluating data, along the lines of the problem-solving processes that our familiar novices need to learn and practice explicitly on their path toward expertise.
Safety is also embedded in a syllabus or course sequence that prepares students for more challenging and complex tasks along the way. Preparation takes on even greater 1. Ask questions, give assignments, and set exams that require complex thinking.
2. Multiplicity, subjective knowing 2. Teach procedures for analysis that use both separate and connected modes.
2. Use Bloom's Taxonomy to make sure you ask for advanced analytical thought.
3. Relative, contextual, procedural knowing (connected and separate) 3. Build syllabi that prepare students step by step for new skills.
3. Model scientific questioning of data.
Reflective, constructed knowing, requiring commitment
significance when we consider the use of animals in the veterinary curriculum: Have students gone through all the important steps, and received feedback on each, before working with the animal? Do they have procedures in place to help them get to the more cognitively advanced place needed for effective diagnosis and treatment in the face of uncertainty? It becomes crucial to consider whether a student's experience with the animal is where one would choose more dissonance or more safety, or specific forms of each, related to the learning goals involved.
STYLES OF LEARNING
When I discuss learning styles with instructors, I often ask them first if they know what theirs is-a fundamentally misleading question with a great variety of answers, since we have not yet defined the term. But I find that the variety itself, along with most people's intuitive sense of their preferred styles of learning, leads directly to the key insights for teaching from this area of work. That is, people's preferences for how they like to learn vary a great deal; there is no guarantee that students' preferred learning styles will be aligned with their teachers'. Although this may sound like bad news, it is actually a very good thing for both teachers and learners, because full competency (sometimes called deep learning) requires the use of multiple styles or modes.
1, 2, 6
These insights sound simple, but they are very important: time and again I talk with teachers who have made their instructional choices based on how they learned the concept at hand, focusing in particular on whatever led to their own ''aha!'' moment, and are baffled when the same teaching technique fails to produce the same learning effect for their students. As we consider using learning styles, in all their variety, as tools to move beyond our own limited set of preferences and experiences, the use of animals in the veterinary curriculum is a perfect example. Faculty must now transcend the role that animals played in their own education in order to find new solutions. They must systematically look for new perspectives and ideas, and learning styles are a useful place to begin this kind of systematic investigation.
There are many learning-style schemes to choose from. Though learning styles have traditionally been considered relatively stable and inherent characteristics, more recent work suggests that our learning preferences do change based on context and over time. 6, 13, 16 The various schemes tend to contain descriptions of sets of distinct learning qualities or characteristics that complement one another. Some are based on questionnaires of various lengths that reveal one's particular distribution of style preferences. Well-known examples include Fleming and Mills's VARK (Visual, Auditory, Read/Write, and Kinesthetic) model 16 and Kolb's Learning Styles Inventory (LSI), 17, 13 in which the important categories are Concrete Experience, Reflective Observation, Abstract Conceptualization, and Active Experimentation.
b Other delineations of learning styles, preferences, and approaches include performance and mastery; extroversion and introversion; and the surface, strategic, and deep approaches to learning mentioned above.
14 For our purposes, we will assume that the descriptive names of various styles of learning are familiar enough (although a great deal more depth is available in the references cited, as well as through the use of diagnostic tools and inventories) and move on to the instructional strategies we can glean from this diverse body of work.
A fundamental and common misunderstanding of learning styles is that teachers must somehow know (either by having students fill out diagnostic tests or through their own intuition) the learning styles of all their students-an impossibility in a lecture hall with hundreds of students, and likely not very useful even for a smaller group of a few dozen. Instructors also worry that a familiarity with learning styles will require them to prepare four (or eight, or 16 or more, depending on how many schemes they use) different lessons in order to accommodate each of their students. Indeed, although some studies indicate subtle trends toward certain learning preferences within disciplines and populations, most any group of students will exhibit a fairly wide variety, and rarely if ever will they all match their teacher. 16 How, then, can learning styles possibly work to our advantage as teachers, rather than posing an insoluble problem?
To answer this question, we need to look closely at what systems of learning styles actually represent. These schemes represent preferences, ways of learning that generally feel more comfortable, familiar, or easy. If given a choice, we will gravitate toward what we like, but that does not mean that 2. Consider different ways students might fulfill course requirements to employ more learning styles.
3. Performance/ Mastery 3. Pay more attention to the styles you prefer less as a teacher.
Extroversion/Introversion
what we like is the best or only way for us to learn. Like one of our insights from cognitive development theory-that both dissonance and safety are important-learning-style preferences give us two incredibly useful ways to help our students. First, they provide the means to reach students by appealing to how they like to learn. We do this by including a variety of learning modes in every possible chunk of teaching-in a lecture, in an assignment, in an exam. You might think of this strategy as another form of safety. Second, learning styles enhance learning by encouraging all students to move beyond their comfort zone and experience the material in new ways-a key to improving coding and retrieval of information.
1, 2
For example, Van Genneken and Vanthornout worked to redefine the learning outcomes and related assessment criteria for a gross anatomy course and came up with the following: ''knowledge, orientation and palpation, use of dissection equipment, exposition of the structures, communication, hygiene, and precision.'' 18 We can take different learning-style schemes and see goals that are likely aligned with different qualities: knowledge with Abstract Conceptualization and the Read/Write mode, orientation with Reflective Observation and the Visual mode, palpation with Active Experimentation and the Kinesthetic mode, exposition with Concrete Experience and the Auditory mode. These improved anatomy-learning goals imply that for a deep understanding of the subject, multiple styles are needed. Working with a variety of learning styles is not only about accommodating different learners but also about developing full competency.
This leads us to consider how to integrate learning styles with teaching in a realistic way. Considering both uses of learning styles is a helpful way to sort possible strategies discussed below and summarized above in Table 3 .
We can use learning styles to reach students by . Using a variety of styles of presenting and explaining in every class, so that more students find a connection to the material that feels ''natural'' and familiar to them.
. Recognizing when problems come from style contrasts. Ask students how they are trying to learn and understand so that you can see when they are stuck in their own preferences, and when you are stuck in your own.
. Paying particular attention to the styles you prefer less, from any of the schemes discussed here, or others you may know.
We can use them to enhance learning by . Using a variety of styles of presenting and explaining in every class, so that students see that you know the material deeply enough to vary your approach.
. Encouraging students to employ alternative strategies for deeper, more flexible learning.
. Considering different ways students might fulfill course requirements, within boundaries that you determine as appropriate for your learning goals. For example, it may be possible for students to choose between written or oral delivery of their research-or, better yet, to do both, as deeper learning will result.
With respect to animal use in veterinary education, learning styles may prompt consideration of whether preparation and practice are strictly separated by style and whether they should be redesigned for optimum learning. It might be tempting, for example, to rely exclusively on the Read/ Write mode as students get ready for an encounter with a live animal, and then rely primarily on Visual and Kinesthetic learning during practice with the animal. But could a Visual or Kinesthetic component be part of the preparation-perhaps as simple as making a diagram of the structures to be located and palpated, or laying out a physical flow-chart of the instruments to be used in the procedure on a table? Could a Read/Write component be included in the experience with the animal, such as having students write answers to one or two reflective feedback questions indicating what they learned and what questions they still have at the end of the practice session (often called a ''minute paper,'' a useful instrument for both feedback to instructors and for students to solidify their own learning 19 )?
A key goal of veterinary medical education seems to be fostering students' abilities as independent, self-directed learners over the long term. By modeling and using a variety of ''styles'' as a teacher, one helps students escape the limitations of their preferences, which becomes even more useful as they approach learning tasks that are increasingly challenging after their formal training is over.
CONCLUSION
These three perspectives on learning-novice/expert behaviors, cognitive development, and learning styles-can all be considered tools for focusing on the student and his or her process. But beyond that, they help teachers reflect on their own teaching and learning processes, facilitating the expansion of teaching repertoires beyond individual intuition and preference into new solutions to teaching challenges, including that of refinement, reduction, and replacement of animals in veterinary teaching. 
NOTES

